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COMPOUNDS CAPABLE OF MODULATING THE 
ACTIVITY OF MULTIDRUG TRANSPORTERS 
AND THERAPEUTIC USE OF THE SAME 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of 
U.S. provisional Patent Application No. 60/278,218, 
filed March 23, 2001, and U.S. provisional Patent 
Application No. 60/300,023, filed June 21, 2001. 

FIELD OF THE INVENTION 

The present invention relates to compounds 
capable of 'modulating the activity of multidrug 
transporters, and their use in therapy, for example, 
in cancer treatment, in modulating efficacy of a 
blood-brain barrier or placental barrier, and in 
facilitating detoxification of a cell or tissue. 
More particularly, the present invention relates to 
compounds having the ability to effectively modulate 
the efflux capability of a multidrug transporter, 
and that can be used therapeutically, alone or in 
conjunction with a therapy, like chemotherapy or 
radiation therapy during cancer treatment, in a 
method to treat .a disease or condition wherein 
modulation of multidrug transporter activity pro- 
vides a benefit. The present invention is directed 
both to compounds that promote, and compounds that 
inhibit, the efflux capability of a multidrug trans- 
porter, wherein transporter activity through gene 
expression is unaffected. 
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BACKGROUND OF THE INVENTION 

P-glycoprotein (P-gp) belongs to a super- 
family of ABC transporters found both in pro- and 
eucaryotes that act as energy- dependent efflux pumps 
for transporting a wide variety of low molecular 
weight compounds out of cells (for a review see 
reference 1 of Appendix A) . ABC transporters are a 
constantly growing superfamily of membrane proteins 
found in bacteria through humans . ABC transporters 
use energy of ATP hydrolysis for transport of a wide 
spectrum of compounds (e.g., anticancer drugs, 
toxins, antibiotics, and lipids) from cells. In 
mammals, this superfamily includes, in addition to 
the P-gp transporters (MDR1 and MDR3 in humans) , the 
MRP subfamily (already including 6 members) , and 
several other proteins (e.g., LRP and BCRP) (2,3). 

The majority of ABC transporters have an 
ability to recognize and efflux numerous substrates 
of divergent chemical structure, including many 
anticancer drugs, from cells and tissue. The molec- 
ular mechanisms underlying broad substrate speci- 
ficity of ABC transporters are generally unknown 
(3) . The expression of ABC transporters results in 
cross resistance of cells to numerous toxic com- 
pounds, known as multidrug resistance (MDR) (1,3,4). 

Increased expression of ABC transporters 
in tumor cells is one of the major mechanisms of 
cancer resistance to chemotherapy (1-3) . Although 
the clinical relevance of multidrug resistance is 
debated, P-gp and other ABC transporters are viewed 
as targets for therapeutic suppression to increase 
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the susceptibility of multidrug resistant cancers to 
chemotherapy (5) . 

The understanding of the normal physiolog- 
ical role of ABC transporters is derived from an 
analysis of phenotypes of mice genetically deficient 
in the genes encoding these proteins. Mice lacking 
both mdrla and mdrlb genes (i.e., two homologs of 
human P-gp-encoding MDR1 gene with different tissue 
expression (6)) develop normally, but were found to 
be extremely sensitive to particular xenobiotics and 
have strong alterations in pharmacokinetics of drugs 
known to be P-gp substrates (7,8) . Moreover, a de- 
ficiency in P-gp was associated with the ability of 
P-gp substrates to pass through blood-brain barrier 
(6,7,8). 

In mammals, and particularly in humans, 
the expression of ABC transporters is restricted to 
specific organs, including the intestine, kidney, 
liver, endothelia of brain, testis, and placenta, 
which is consistent with role of these organs in 
general detoxification and in establishment of 
blood-brain, blood-test is , and placental barriers 

(6) . Although no physiological abnormalities were 
observed in the mice deficient in mrpl gene, the 
mice did demonstrate increased sensitivity to par- 
ticular toxins and changes in glutathione metabolism 

(9) . Robbiani et al . also reported possible in- 
volvement of MRP1 in dendritic cells migration to 
lymph nodes (10) . 

Some members of the super family of ABC 
transporters apparently have a more narrow and 
specific spectrum of substrates, e.g., targeted dis- 
ruption of mdr2 gene in mice results in a deviation 
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in phosphatidylcholine and other phospholipid excre- 
tion in a bile (11) . Thus, in addition to an ABC 
supertransporter role in cancer resistance to chemo- 
therapy, ABC transporters are involved in numerous 
5 physiological processes and their value as therapeu- 

tic targets is envisioned as far broader than cancer 
treatment . 

Over the last several years, chemical and 
protein inhibitors of ABC transporters have been de- 

10 veloped to overcome MDR, and many of the inhibitors 

have been tested in clinical trials. However, there 
is a need not only for inhibitors of ABC transport- 
ers, but also for inducers of their activity and 
modulators of their substrate specificity. This 

15 need stems from the natural function of these pro- 

teins, which is known to be involved in protection 
of cells and tissues of an organism from cytotoxic 
compounds. Thus, compounds having such modulating 
properties can be used to facilitate detoxification 

2 0 of cells and tissues under conditions of acute or 

chronic poisoning. 

It was previously found (5) that mutations 
of P-gp, the best studied ABC transporter, can 
strongly alter substrate specificity, thereby chang- 
25 ing the pattern of cross resistance of cells expres- 

sing mutant P-gp, presumably by changing protein 
conformation. The present invention is directed to 
a similar effect caused by compounds capable of 
modulating multidrug transporting activity or modu- 

3 0 lating substrate specificity of multidrug trans- 

porters . 
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SUMMARY OF THE INVENTION 

The present invention is directed to modu- 
lation of ABC transporter activity and substrate 
5 specificity in therapeutic applications. The pres- 

ent invention also is directed to compounds that 
effectively modulate ABC transporter activity and 
substrate specificity, and to the therapeutic use of 
such compounds . 

10 Therefore, one aspect of the present in- 

vention is to provide a method of modulating the 
efflux capability of an ABC transporter in a cell or 
tissue by contacting the cell or tissue with a com- 
pound that promotes or inhibits efflux attributed to 

15 the ABC transporter, wherein activity of the ABC 

transporter through gene expression is unaffected. 

Another aspect of the present invention is 
to provide a method of potentiating the activity of 
a therapeutic drug in a cell or tissue by contacting 

20 the cell or tissue with a compound that activates or 

inhibits the efflux capability of an ABC transport- 
er, wherein activity of the ABC transporter through 
gene expression is unaffected. 

In particular, the efflux capability of 

25 the ABC transporter can be selectively inhibited to 

retain a therapeutic drug, like a chemotherapeutic 
drug or antibiotic drug in the cell, while maintain- 
ing normal efflux capabilities with respect to other 
compounds . 

3 0 Conversely, the efflux capability of the 

ABC transporter can be selectively activated to 
maintain normal efflux capabilities with respect to 
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all compounds except a therapeutic drug, like a 
chemotherapeutic drug . 

Yet another aspect of the present inven- 
tion is to provide a method of facilitating detox- 
ification of a cell or tissue by contacting the cell 
or tissue with a compound that increases the efflux 
capability of an ABC transporter, wherein activity 
of the ABC transporter through gene expression is 
unaffected. In particular, the efflux capability of 
the ABC transporter is selectively increased with 
respect to eliminating a predetermined toxin, e.g., 
a carcinogen, while maintaining normal efflux 
capabilities with respect to other compounds in the 
cell . 

Still another aspect of the present inven- 
tion is to provide a method of modulating the effi- 
cacy of a blood-brain barrier or placental barrier 
comprising administering to an individual in need 
thereof a therapeutically effective amount of a com- 
pound capable of modulating the activity of an ABC 
transporter, wherein activity of the ABC transporter 
through gene expression is unaffected. 

In one embodiment, the efficacy of the 
blood-brain barrier or placental barrier is reduced. 
In this embodiment, barrier efficacy is selectively 
reduced with respect to a predetermined compound, 
e.g., a therapeutic drug, while maintaining normal 
barrier efficacy with respect to other compounds . 
In another embodiment, the efficacy of the blood- 
brain or placental barrier is increased. In this 
embodiment, barrier efficacy is selectively in- 
creased with respect to a predetermined compound, 
e.g., an acute or chronic toxin, while maintaining 
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normal efflux efficacy with respect to other com- 
pounds . 

Still another aspect of the present inven- 
tion is to provide an improved composition for 
treating a disease or condition comprising: 

(a) a therapeutic drug useful in the 
treatment of the disease or condition, and 

(b) a compound capable of selectively in- 
hibiting the efflux capability of a multidrug trans- 
porter with respect to the therapeutic drug. 

For example, the disease or condition is a cancer or 
an infection, and the therapeutic drug is a chemo- 
therapeutic drug or an antibiotic, respectively. 

As used herein, an "infection" is defined 
as a bacterial, viral, parasitic, or other micro- 
biological infection, and diseases and conditions 
resulting therefrom. 

Another aspect of the present invention is 
to provide a pharmaceutical composition comprising 

(a) a compound capable of modulating the 
activity of a multidrug transporter, and 

(b) a pharmaceutical ly acceptable carri- 
er . 

These and other aspects of the present 
invention will become apparent from the following 
nonlimiting, detailed description of the preferred 
embodiments . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 contains plots of relative cell 
fluorescence vs. Rhol23 concentration (p.M) for tests 
to determine Rhol23 accumulation; 
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Fig. 2 contains results of fluorescence 
microscopy for the intensity of cellular fluores- 
cence; 

Fig. 3 contains plots of relative cell 
5 fluorescence vs. time (min.) for tests to determine 

Rhol23 efflux; 

Fig. 4 contains plots of relative cell 
fluorescence vs. daunorubicin concentration (ng/ml) 
for tests to determine daunorubicin accumulation; 
10 Fig. 5 contains plots of relative 14 C 

radioactivity (CPM) vs. taxol concentration (nM) for 
tests to determine taxol accumulation; 

Fig. 6 contains photographs illustrating 
the effects of Compound 102 vs. Adr, taxol, and 
15 colcemide; 

Fig. 7 contains graphs of Relative cell 
number (% of untreated cells) vs. Adr (nM) or taxol 
(ng/ml) for KB-8-5-11 and KB-3-1 cells; 

Fig. 8 contains bar graphs of relative 
2 0 fluorescence (%) for tests using Rhol23 and dauno- 

rubicin showing their effect on various identified 
compounds ; 

Fig. 9 shows three-dimensional representa- 
tions of compounds used in methods of the invention; 

25 Fig. 10 contains plots of cell viability 

(%) vs. doxorubicin concentration (ng/ml) to test to 
determine doxorubicin resistance of mouse cells 
expressing human P-gp; 

Fig. 11 contains plots of cell viability 

30 (%) vs. DMBA concentration for tests to show 

the effect of Compound 102 on the sensitivity of 
mouse ConA cells to DMBA; 
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Figs. 12-14 contain plots of cell 
viability (5) vs. vinblastine concentration (mg/ml) 
for tests to show the effect of Compounds 102 and 
103 on vinblastine sensitivity for different types 
5 of cells ; and 

Figs. 15-17 contain plots of cell 
viability (%) vs. doxorubicin concentration (ng/ml) 
for tests to show the effect of Compounds 102 and 
103 on doxorubicin sensitivity for different types 
10 of cells. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

15 Screening of chemical libraries for com- 

pounds that are biologically active at particular 
cellular targets is useful both as a research tool 
and for identification of therapeutic agents (12) . 
Because ABC transporters traditionally are viewed as 

2 0 targets for therapeutic suppression, a number of 

small molecule and protein inhibitors of ABC trans- 
porters were developed during last decade, some of 
which have been tested in clinical trials to over- 
come MDR (5) . 

2 5 In accordance with the present invention, 

another potential therapeutic value of ABC trans- 
porters was investigated. In particular, ABC trans- 
porters were considered as targets for activation in 
order to increase their protective role against a 

3 0 variety of toxins. 

It was previously shown that P-gp activity 
against particular substrates could be significantly 
modulated by specific mutations presumably affecting 
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conformation of drug -recognizing domains of the pro- 
tein (13, 14, 15, 16). The present invention is 
directed to small molecules that modify conformation 
of the transporter and have similar effect on trans- 
5 porter activity. 

Such compounds can be identified by 
screening compounds that protect P-gp-expressing 
cells from the toxicity of certain P-gp substrates. 
As set forth hereafter, a series of compounds that 

10 protect P-gp-expressing cells from Adr by modulating 

substrate specificity of P-gp, which is associated 
with dramatic changes in the spectrum of cross- 
resistance, has been identified. 

As used herein, the term "substrate" is 

15 defined as a compound that is effluxed from a cell 

by an ABC transporter. The term "natural substrate" 
is defined as a substrate that is effluxed by the 
ABC transporter in the absence of compound that 
modulates transporter efflux capabilities. 

2 0 Useful ABC transporter modulators were' 

identified by screening a chemical library for com- 
pounds that protect P-gp-expressing cells from cyto- 
toxic effects of P-gp substrates by stimulating 
their P-gp-mediated efflux. The results allowed 
25 identification of chemicals capable of inducing P-gp 

activity against particular substrates. Testing of 
the effects of an identified compound on cell sensi- 
tivity to a large variety of P-gp substrates, in- 
cluding many chemotherapeutic drugs, showed that 

3 0 they did not act as general activators of trans- 

porter function, but as modulators that more effec- 
tively efflux some P-gp substrates and render P-gp 
efflux less effective against other substrates. 
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Identified small molecules, differing in 
their effects on relative efficacy of P-gp against 
different substrates, form ,a new functional group of 
structurally divergent compounds defined as P-gp 
5 modulators, that are capable of modifying substrate 

specificity of P-gp. The compounds can be used for 
specifically targeting multidrug transporters 
against specific toxins. Because P-gp is repre- 
sentative of a group of structurally and function- 
10 ally similar ABC transporters, the results and 

principles of identification disclosed herein can be 
extended to other members of this protein family, 
which results in the identification of modulators of 
cell sensitivity to a variety of toxic agents. 


15 


MATERIALS AND METHODS 


Drugs. Rhodamine 123 (Rhol23), adriamycin 
(Adr) , daunorubicin, taxol, etoposide, vinblastine, 

20 vincristine, cytochalasin B, colcemid, colchicine, 

actinomycin D, gramicidin D, verapamil hydrochlor- 
ide, prazosin, progesterone, puromycin, and Hoechst 
33342 were purchased from Sigma, Milwaukee, Wl , and 
(except progesterone) were dissolved in DMSO at a 

2 5 concentration of ImM. Progesterone was dissolved in 

PBS (phosphate-buffered saline) at a concentration 
ImM. 


Cells. Mouse fibroblast cell line ConA, 
30 human cell lines KB-3-1, and its drug resistant 

derivative KB-8-5-11 were maintained in DMEM with 
10% FBS, 2mM glutamine, lOOu/ml penicillin G, 100 
g/ml streptomycin sulfate (all Gibco BRL) . At every 
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fourth passage, KB- 8 -5 -11 were cultivated in the 
presence of 25 ng/ml of Adr to eliminate revertants 
with decreased expression of P~gp. 

Screening of a chemical library. Murine 
f ibroblastoid cell line (ConA) was selected as the 
readout system for screening a chemical library for 
P-gp activators. ConA was selected because of a 
relatively effective high natural level of P-gp 
expression associated with effective efflux of 
different P-gp substrates. Rhol23, a classic fluor- 
escent P-gp substrate that is detected easily using 
multichannel fluorimeter in living cells, was used 
as an efflux indicator. CHEMICAL DIVERSET™ library 
was purchased from Chembridge Corp. (San Diego, CA) . 
Primary screening was performed on ConA cells for 
compounds that interfere with Adr- induced activation 
of p53 -responsive reporter LacZ gene as previously 
described (11) . To identify P-gp modulators, all 
"hits" isolated after primary screening were tested 
for their ability to modulate cellular accumulation 
of Rhol23 . Con A cells grown in 96-well plates 
were incubated 4 hours with 0.5 y.M Rhol23 in com- 
bination with individual library compounds (2 ug/ml 
(2-5 ]iM) ) , and cell fluorescence was analyzed using 
fluorescent microscopy. 

Drug sensitivity assays. To estimate 
drug-mediated growth inhibition, 10 3 cells were 
plated per well of 96-well plates, and incubated 
with a range of concentrations of drugs added 24 
hours after plating. After 5 to 7 hours of drug 
treatment, plates were fixed and stained using 2% 


WO 02/076439 


PCT/US02/08896 


- 13 - 

methylene blue solution in 50% methanol. After 
elution by 1% SDS solution, optical density was 
determined on a Multiscan Ascent reader (Lybsystems, 
Helsinki, Finland) at 650 nm. 

Drug accumulation and efflux assay. To 

determine drug accumulation, cells were incubated 
for two hours with P-gp substrates Rhol23, Hoechst 
33342, daunorubicin, or 3 H- taxol (NEB) harvested by 
trypsinization, suspended in ice-cold PBS for imme- 
diate flow cytometric analysis (for fluorescent sub- 
strates) or scintillation counting of incorporated 
radioactivity (for 3 H- taxol ) . For drug efflux assay, 
cells after drug incubation were washed thoroughly 
with PBS, incubated in a drug- free media with or 
without compounds from the chemical library, and 
harvested at different time points for flow cyto- 
metric analysis (18) . 

Western blot analysis. KB -8-5-11 and KB- 
3-1 cells were incubated for four hours with selec- 
ted compounds, and the amounts of P-gp were esti- 
mated using Western blotting with monoclonal anti- 
body C219 (Signet Corp., Dedham , MA) as previously 
described (17) . 

Determination of cell surface expression 
of P-gp and UIC2 shift assay were performed using 
monoclonal antibodies C219 and UIC2 as described in 
(18) . 

Flexible alignment of 3D structures was 
performed using software MOE-Flexalign, MOE 2001.0, 
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available from Chemical Computing Group Inc., 
Montreal, Canada. 

RESULTS 

Compounds that suppress cell sensitivity 
to Adr in a p5 3 -independent manner 

Treatment of cells with Adr results in the 
activation of the p53 pathway followed by modulated 
expression of p53 -responsive genes. Therefore, 
cells expressing p53 -responsive reporter can be used 
as a readout system for monitoring of Adr activity 
and screening of chemicals that interfere with p53- 
mediated activation of the reporter. Such a readout 
system for screening a chemical library for the com- 
pounds suppressing p53 has been successfully used 
previously (12) . In order to demonstrate that the 
identified compounds act through p53 suppression, 
the initial "hits" were subjected to additional 
filtering for their p53 dependence. 

In addition to p53 inhibitors,, a group of 
chemicals that prevent activation of p53 -responsive 
reporter by Adr in p5 3 - independent manner were iden- 
tified. Because Adr is a known substrate for ABC- 
type transporters, the potential involvement of 
active efflux in the biological effect of the iden- 
tified compounds by introducing additional screening 
filters was investigated. First, it was found that 
these compounds interfered with the accumulation of 
Adr in the cells as determined by fluorescent mi- 
croscopy. Similarly, the compounds reduced accumu- 
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lation of another substrate of P~gp, i.e., Rhol23 
(see Fig. 1) . 

Figs. 1-3 show stimulation of Rhol23 
efflux from the cells by Compound 102 is suppressed 
by the P-gp inhibitor verapamil. In Fig. 1, 
Compound 102 -mediated reduction of Rhol23 
accumulation by ConA fibroblasts is suppressed by 
verapamil. Cells were incubated two hours with the 
indicated concentrations of Rhol23, Compound 102, 
and verapamil, and cellular fluorescence was 
analyzed by flow cytometry. Both effects were com- 
pletely reverted by verapamil and reserpine, known 
inhibitors of P-gp. These results strongly indicate 
that the identified compounds acted by an unusual 
mechanism, i.e., through activation of P-gp or other 
ABC transporter sensitive to P-gp inhibitors. The 
structural formulas of thirteen compounds possessing 
the described properties are shown in Table 1. 
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Table 1 

Com- 
pound 


No. 

Name 

Structure 

2 

1-Carbazol-9-vl-3-f3 *5-dimpthvl- 
pyrazol-1 -yl)-propan-2-ol 


7 

2-(4-Chloro-3 t 5-dimethyi- 

phenoxy)-N-(2-phenyl-2H- 

benzotriazol-5-yl)-acetamide 

W-N 

8 

N-[2-(4-Chloro-pheny!)-acetyl]- 

N'-(4J<limethykjuinazolin-2-yl)- 

guanidine 

H * 

9 

1 -Benzyl-7, 8-dimethoxy-3- 
Dhenvl-3H-Dvrazolof3 4- 
c]isoquinoline 

1 

in 

N-(3-Benzooxazol-2-yl-4- 

nyaroxy-pnenyj/-2-p-toJyJoxy- 

acetamide 

O 

■ i 

8-Allyl-2-phenyl-8H-1 ,3a,8- 
triaza-cyclopenta[a]indene 


12 

3-(4~Chloro-benzvh-5-f?- 

methoxy-phenyl)- 

[1 ,2,4]oxadiazole 


13 

2-Phenethylsulfanyl-5,6,7,8- 

tetrahydro-ben2o[4,5]thienor2,3- 

d]pyrimidin-4-ylamine 



(5,12, 1 3-Triaza-indeno[1 ,2- 
D/aninracen-u-yy-acetic acid 
ethyl ester 

ogc n xP 

15 

2,2'-(1-phenyl-1 H-1 ,2,4-triazole- 
3,5-diyl)bis-phenol 

QT hcT 


2-(2-Chloro-phenyl)-5-(5-methyl- 
thiophen-2-yl)-[1 ,3,4Joxadiazole 

CI N-ff V\ 

102 j 

2-p-Tolyl-5,6,7,8-tetrahydro- 
:>enzo[d]imidazo[2, 1 -bjthiazole 


103 
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Identified compounds can activate 
efflux of Adr and Rhol23 by P-gp 

One of the most active compounds, desig- 
nated Compound 102 , was chosen for a detailed char- 
acterization. First, Compound 102 did not effect 
the excitation and emission spectra of Rhol23 and 
Adr fluorescence in solution, thus eliminating the 
possibility of its direct effect on the physico- 
chemical characteristics of the drugs. 

A test for whether Compound 102 effects 
the accumulation of fluorescent dyes by stimulating 
efflux or by interfering with their penetration 
through the cell membrane was performed. Cells were 
loaded with Rhol23 by incubation in the medium with 
high concentration of the dye (1M) , quickly washed 
with the Rhol23-free medium, and the dynamics of re- 
duction of cellular fluorescence was monitored at 
different times in the presence or in the absence of 
Compound 102. The results (Figs. 2 and 3) demon- 
strate that Compound 102 strongly increases (i.e., 
about 2 0 times) efflux of Rhol23 from the cells 
preloaded with the dye. This effect was completely 
reverted by verapamil and reserpine . In the pres- 
ence of these P-gp inhibitors, efflux of Rhol23 was 
blocked regardless of the presence of Compound 102 
(Figs . 2 and 3) . 

In Fig. 2, cells were loaded with Rhol23 
by incubation in the presence of 1M of the dye, 
quickly washed with the Rhol23-free medium and the 
intensity of cellular fluorescence was determined 
1.5 hours later, either in the presence or in the 
absence of Compound 102 and verapamil by fluorescent 
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microscope. Fig. 3 shows that Compound 102 stim- 
ulates Rhol23 efflux by ConA cells. The dynamics of 
reduction of Rhol23 fluorescence was monitored by 
flow cytometry. These observations demonstrate that 
5 Compound 102 acts by activating ABC transporters, 

presumably P-gp that is expressed in mouse fibro- 
blasts (19) . 

To test the effect of Compound 102 specif- 
ically on P-gp, a pair of human cell lines used as 

10 conventional models for studying P-gp, i.e., P-gp- 

negative KB-3-1 and its multidrug resistant deriva- 
tive KB -8-5-11, overexpressing P-gp as a result of 
MDR1 gene amplification (2 0) , were used. Treatment 
with Compound 102 strongly decreased Rhol23 accumu- 

15 lation in KB-8-5-11 cells and had no influence on 

KB-3-1 cells (Fig. 4) . 

Figs. 4 and 5 show, different effects of 
Compound 102 on cell accumulation and sensitivity to 
different P-gp substrates. As shown in Figs. 4 and 

2 0 5, Compound 102 has opposite effects on accumulation 

of daunorubicin and taxol . ConA cells were incu- 
bated 2 hours with the indicated concentration of 
daunorubicin (Fig. 4) and taxol (Fig. 5), and accum- 
ulation of the drugs was determined by flow cytom- 

2 5 etry (daunorubicin) or measurement of intracellular 

radioactivity ( 3 H-taxol) . Fig. 5 shows that Compound 
102 increases taxol accumulation by ConA cells. 

To determine whether the effect of the 
identified compounds is similar for different P-gp 

3 0 substrates, their influence on the efflux of another 

well-known P-gp substrate, the chemotherapeutic drug . 
taxol (paclitaxel) , was tested. The results ob- 
tained with 14 C-labeled paclitaxel (Fig. 5) indicate 
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that accumulation of this drug was affected by the 
tested compounds in an opposite way than accumula- 
tion of daunorubicin or Rhol23 . This result shows 
that compounds identified for their stimulatory 
effect on P-gp against daunorubicin or Rhol23, act 
not as general activators of the function of the 
transporter, but rather as modulators capable of 
more effective efflux of some of the P-gp substrates 
and making P-gp less effective against other sub- 
strates. Again, the decrease in accumulation corre- 
lated with stimulation of Rhol23 efflux and both 
effects were completely eliminated by verapamil. 
Thus, Compound 102 definitely targets P-gp function, 
although it cannot be excluded that activity of 
other ABC transporters could also modulated by this 
compound . 

The effect of Compound 102 on Rhol23 
efflux can be detected within five minutes after 
adding the compound (Fig. 3), leaving no time for 
gene expression to cause an effect. Four-hour 
incubation of KB -8-5-11 cells with Compound 102 did 
not change the amount of P-gp on the cell surface as 
determined by the results of FACS analysis with 
anti-P-gp antibodies UIC2 . Accordingly, stimulation 
of P-gp function by Compound 102 cannot be attribut- 
ed to changes in gene expression or protein concen- 
tration on cell membrane. 

Compound 102 alters cellular cross -resistance to 
different drugs by modulating P-gp function 

Whether activation of P-gp-mediated efflux 
of Adr by Compound 102 affects cell sensitivity us- 
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ing different types of drug assays also was tested. 
The results of representative growth inhibition 
assays are shown in Fig. 2. Compound 102 increased 
resistance to Adr in both murine ConA and human KB- 
8-5-11 cells causing a six-fold shift in 50% growth 
inhibitory dose of the drug in both cell lines (from 
50 to 300 ng/ml and from 200 to 12 0 0ng/ml , respec- 
tively) (see Figs. 4-7 and Table 2) . No effect on 
drug sensitivity was detected in P-gp-negative cell 
line KB-3-1. 


Table 2. Influence of Compound 102 on cellular effects of 
different drugs 

Increased 
resistance/efflux 

Decreased 
resistance/efflux 

No effect 

Adr i amy can 
Daunorubicin 
Etoposide* 
Rhodamine 123** 

Taxol 

Vinblastin* 
Vincristin* 
Hoechst 33342** 

Colcemide 

Colchicine 

Actinomycin D 

Puromycin 

Camptothecin*** 

Carboplat in* * * 

5 - f luorour ac i 1 * * * 


* only resistance was tested 
** only efflux wax tested 
*** non-P-gp substrates 
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Table 3 

Drug 

LD 50 , ng/ml 

LD so comp' ng/ml 

i Change in 

oCllD -J_ L« JL V Lajr 

(x-fold) 

Daunorubi cin 

50 

125 

2 . 5 

Doxorubicin 

50 

300 

6 

Etoposide 

100 

15 0 

1 . 5 

Taxol 

200 

70 

0.3 

Vinblastine 

10 

5 

0 . 5 

Vincristine 

12 .5 

6 

0.5 

Colchicine 

50 

50 

1 

Colcemide 

50 

50 

1 

Puromycin 

4 

4 

1 

Actinomicyn D 

20 

20 

1 


15 

Table 3 shows the effects of Compound 102 
(10 iiM) on sensitivity of ConA cells to different P- 
20 gp substrates (fold resistance) . 

Table 4 summarizes the effects of Compound 
102 on sensitivity of P-gp-positive (ConA and KB- 
8-5-11) and P-gp-negative (KB-3-1) cells to differ- 
ent drugs (both P-gp substrates and non-P-gp- sub- 
25 strates) . R- - increases resistance; NE- -no effect; 

S- -sensitizing effect; n. d. - -not done. 
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Table 4 



Effect of Compound 102 on 
drug sensitivity of cell lines 

T) Truer 

p-gp 

Con A 

(Balb 

3T3) 

X\-X3 £5 — D ~ _LX 

(HeLa, 

pgp + ) 

XV XJ — J — J. 

(HeLa, 
Pgp*) 

Doxorubicin* 


R 

R 

NE 

Daunorubicin* 


R 

R 

NE 

Rhod amine 123** 


R 

R 

NE 

Etoposide 


Minor R 

Minor R 

NE 

Puromycin 


NE 

NE 

NE 

Colcemide 


NE 

NE 

NE 

Cyclosporin A 

Yes 

NE 

NE 

NE 

Actinomycin D 


NE 

NE 

NE 

Taxol 


S 

S 

NE 

Vincristine 


S 

S 

NE 

Gramicidine D 


S 

S 

NE 

Vinblastine 


s 

S 

NE 

Colchicine 


s 

S 

NE 

Hoechst 33342** 


s? 

S? 

NE 

5 -Fluorouracil 


NE 

NE ; 

NE 

Carboplatin 

No 

n. d . 

NE 

NE 

Camptothecin 


NE 

NE 

NE 


25 
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Fig. 6 shows that Compound 102 has oppo- 
site effects on cytotoxicity of Adr and taxol, and 
does not affect cell sensitivity to colcemide . In 
particular, Compound 102 increases sensitivity to 
5 taxol, and decreases sensitivity to Adr. Compound 

102 has no effect on cell sensitivity to colcemide, 
a non-P-gp substrate. ConA cells were grown 72 
hours in presence different concentrations of indi- 
cated drugs with or without Compound 102, fixed with 

10 methanol and stained with methylene blue. Fig. 7 

shows that the effect of Compound 102 on cell sensi- 
tivity to Adr and taxol is P-gp dependent. The re- 
sults of colony assays performed P-gp positive (KB- 
8-5-11) and P-gp negative (KB-3-1) cells in constant 

15 presence of the indicated concentrations of the 

drugs. The effect of Compound 102 is dose depen- 
dent. This test demonstrated that the identified 
compounds act by modulating activity of the trans- 
porter, i.e., no compound showed a.ny effect on P-gp- 

20 negative KB-3-1 cells. 

It also has been shown that Compound 102 
increases doxorubicin resistance of mouse cells 
expressing human P-pg. In particular, the 
modulating effect of the identified compounds in MDR 

25 KB-8-5-11 cells has been demonstrated. These cells 

are known to overexpress P-gp as result of MDR1 gene 
amplification. To completely eliminate possibility 
that some other ABC type transporter expressed in 
KB-8-5-11 cells might be responsible for this 

30 phenomenon, mouse fibroblasts, line ConA, 

permanently expressing human P~gp as a result of 
transfection with MDR1 cDNA- expressing plasmid LNL6 
were used. As previously shown with KB-8-5-11, 
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Compound 102 increased resistance to doxorubicin 
(Fig. 10) and decreased resistance to vinblastine 
(data not shown) . This protective effect was 
completely eliminated by treatment with l|iM 
5 verapamil. Fig. 10 shows that an identified 

compound protects mouse cells that originally 
express very low levels of endogenous P-gp, but were 
made P-gp-positive by transfection with the 
construct expressing human MDR1 gene under Mo-MuLV 

10 LTR promoter. This result provides proof that 

Compound 102 targets P-gp . 

To show that Compound 102 acts as a gen- 
eral activator of P-gp function, its effects on cell 
sensitivity to various P-gp substrates was tested. 

15 Compound 102 has different effect on cell sensitiv- 

ity to different P-gp substrates (Table 2) , which, 
according to this criterion, can be divided in three 
groups. The first group includes drugs that become 
less toxic in the presence of Compound 102. Besides 

20 Adr and Rhol23, the group also contains daunorubicin 

and etoposide, although the effect of Compound 102 
on cytotoxicity of the latter drug was less pro- 
nounced. The second group consists of drugs that 
become more potent in combination with Compound 102, 

25 e.g., taxol, vincristine, vinblastine, gramicidin D, 

and Hoechst 33342. Finally, the third group con- 
tains P-gp substrates that do not change their cyto- 
toxicity in the presence of Compound 102 (e.g., 
actinomycin D, colcemid, cytochalasin D and puro- 

3 0 mycin) . Fig. 2b illustrates the influence of Com- 

pound 102 on cell sensitivity compared to represen- 
tatives of each of these three groups. Importantly, 
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Compound 102 did not affect cell sensitivity to any 
of the non-P-gp substrates tested (see Table 2) . 

The differential effect of Compound 102 on 
cell sensitivity to different P-gp substrates sug- 
gested that Compound 102 acts by modulating P-gp 
activity, making it more effective against some sub- 
strates and less effective against other substrates. 
To test this possibility, the effect on Compound 102 
on the P-gp-mediated efflux of taxol, the P-gp sub- 
strate belonging to the second group of drugs becom- 
ing more potent in the presence of Compound 102, was 
tested. Consistent with the drug sensitivity data, 
Compound 102 suppressed P-gp-mediated efflux of 
taxol by KB-8-5-11 cells, acting as a P-gp inhibitor 
for this drug (Figs. 4 and 5) . These observations 
indicate that Compound 102 should be defined as a 
modulator rather than a general activator of P-gp 
that acts by changing relative substrate specificity 
of the transporter. 

In addition, it was found, that Compound - 
102 modulates activity of P-gp, but does not cause 
an affect on another ABC transporter, MRP1 . To 
determine transporter specificity of the identified 
compounds, the compounds were tested on cells 
differing in the type of multidrug transporter 
expressed: KB -8-5-11 cells, (expressing P-gp) , 
SW1753-A120 cells (expressing MRP1) , and KB-3-1 
(expressing neither of the above transporters and 
highly sensitive to drugs that are P-gp or MRP1 
substrates). Figs. 12-17 demonstrate that Compound 
102 increases doxorubicin resistance and decreases 
vinblastine resistance of P-gp-positive cells. 
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Compound 102 has no effect on the cells that express 
MRP1, but do not express P-gp. 

Compound 103 modulates drug resistance 
independently of the expression of P-gp and MRP1. 
In contrast to Compound 102, Compound 103 increases 
doxorubicin resistance and vinblastine sensitivity 
of P-gp -negative, MRP1 positive cells (Figs. 12-17). 
This is not an MRP 1 -mediated phenomenon because 
Compound 103 causes a similar effect on P-gp- and 
MRP1- negative cells KB - 3 - 1 . These effects were 
verapamil sensitive in all cell lines tested (data 
not shown) indicating that Compound 103 alters cell 
drug sensitivity by modulating an unidentified ABC 
transporter. 

In particular, Figure 12 shows that 
Compound 102 sensitizes P-gp-positive cells to 
vinblastine, and compound 103 has similar but much 
weaker effect. Figure 13 shows that Compound 102 
does not effect cell sensitivity to vinblastine in 
the absence of P-gp. Compound 103 has a weak 
sensitizing effect on cells treated with 
vinblastine, regardless of whether they express P-gp 
or MRP1 . Figure 14 shows that Compound 102 does not 
effect cell sensitivity to vinblastine in the 
absence of P-gp and MRP1 . Compound 103 has weak 
sensitizing effect on cells treated with vinblastine 
even in the absence of P-gp and MRP1 . 

Figure 15 shows that both Compounds 102 
and 103 increase cell sensitivity to doxorubicin in 
the presence of P-gp. Figure 16 shows that Compound 
102 does not effect cell sensitivity to doxorubicin 
in the absence of P-gp even if MRP1 is expressed. 
Compound 103 increases sensitivity of P-gp-negative 
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MRPl-positive cells to doxorubicin. Figure 17 shows 
that Compound 103 can increase cell resistance to 
doxorubicin in the absence of both P-gp and MRP1, 
presumably by modulating activity of an unidentified 
transporter that normally does not recognize 
doxorubicin as a substrate. 

The effect of the identified compounds on 
DMBA sensitivity of mouse cells also was tested. It 
has been reported that ABC type transporters (e.g., 
P-gp) are involved in the efflux of polycyclic 
aromatic hydrocarbon carcinogens from cells. The 
effect of the identified compounds on sensitivity of 
mouse cells to 7 , 12 -dimethylbenz [a] anthracene (DMBA) 
was determined. Mouse fibroblasts were incubated in 
96 well plates for three days in the presence of . 
10]jM Compound 102, 1]1M verapamil, and indicated 
concentrations of DMBA. Fig. 11 demonstrates that 
Compound 102 strongly protects cells from 
cytotoxicity of DMBA (IC 50 increases from 0.31 to 
5]iM) , thus increasing greater than 15 fold the 
natural level of resistance to this chemical 
carcinogen. In similar experiments Compounds 11, 
13, and 16 also demonstrated a strong protective 
effect . 

P-gp modulators vary in their relative 
effect on different P-gp substrates 

The effect of other compounds identified 
for their stimulation of Adr accumulation on cellu- 
lar uptake of two fluorescent P-gp substrates was 
tested, i.e., Rhol23 and daunorubicin . Daunorubicin 


WO 02/076439 


PCT/US02/08896 


- 28 - 

was used in these experiments rather than Adr be- 
cause its brighter fluorescence, thereby facilitat- 
ing quantitative determination of drug accumulation. 
All of the compounds stimulated a decrease in accum- 
ulation of Rhol23 (Fig. 8) . Whether the identified 
compounds had similar effects on the substrate spe- 
cificity of P-gp was tested by determining their 
relative effect on the efflux of two P-gp sub- 
strates, i.e., Rhol23 and daunorubicin . 

Figs. 8 and 9 show differences in relative 
effects of isolated P-gp modulators on different 
P-gp substrates correlate to some degree to their 
structures. Fig. 8 shows a comparison of the effect 
of each P-gp modulator on efflux of daunorubicin and 
Rhol23 . ConA cells were incubated two hours with 
Rhol2 3 (1M) or daunorubicin (50 0ng/ml) in the pres- 
ence of the identified compounds, and accumulation 
of the drugs was quant itated by flow cytometry. The 
compounds are shown in the order of their relative 
ability to stimulate Rhol23 efflux compared to 
accumulation of the drugs in the absence of the P-gp 
modulators ("c") or in the presence of verapamil 
("ver") . As seen in Fig. 8, the identified com- 
pounds significantly differ in their ability to 
modulate P-gp activity against these two drugs. 
This observation indicates the possibility of iden- 
tification of P-gp modulators with targeted activity 
against certain classes of P-gp substrates. In all 
cases, the decreased accumulation correlated with 
stimulation of P-gp dependent verapamil -sensitive 
drug efflux. 

The identified compounds fell into differ- 
ent categories according to their effect of dauno- 


WO 02/076439 


PCT/US02/08896 


- 29 - 

rubicin accumulation. Some of them behaved similar- 
ly to Compound 102 (i.e., Compounds 11 and 13) caus- 
ing a strong effect on Rhol23 and a two to four 
times less pronounced effect on daunorubicin. Com- 
5 pounds of another group (i.e., Compounds 2, 3, 7, 8, 

9, 10, 15, and 16) were relatively effective in 
stimulating Rhol23 efflux, but had a weak influence 
on daunorubicin accumulation. Two compounds from 
this group (Compound 4 and Compound 14) had no 
10 effect on daunorubicin accumulation. Finally, one 

compound (Compound 12) was more effective in stim- 
ulating P-gp-mediated efflux of daunorubicin than 
Rhol23 . 

Next, effect of compound treatment on cell 

15 resistance to daunorubicin was tested. As in the 

case of Compound 102, drug accumulation data corre- 
lated well with the results of drug sensitivity 
assays. All compounds that demonstrated strong 
stimulatory effect on Rhol23 efflux increased cell 

20 sensitivity to taxol and vinblastine. 

Structural relationships among the differ- 
ent compounds were examined both by the evaluation 
of two-dimensional similarity and by molecular 
modeling. In general, the set of identified com- 

25 pounds was found to be structurally diverse as 

evidenced by a relatively low structural likeness, 
i.e., in terms of Tanimoto metrics, only Compound 15 
and Compound 9 had over 75% similarity. The latter 
compound also showed a 61% similarity quotient with 

3 0 Compound 7, while all other two-dimensional struc- 

ture comparisons gave lower similarity rates. 

Alignment of the three-dimensional models 
of Compounds 7, 9, and 15 showed two shared struc- 
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tural motifs: similarly placed hydrogen bond ac- 
ceptors and six member aromatic rings, suggesting 
that these particular compounds may be addressing 
some common pGP binding regions (Fig. 3b) . Inter- 
estingly, the above compounds are members of the 
group that stimulates Rhol23 efflux with a rela- 
tively weak influence on daunorubicin accumulation. 
In parallel, the three-dimensional alignment of 
Compound 102 with Compound 11 and Compound 13 showed 
good superposition (Fig. 9) , again in accordance 
with their biological activity. Fig. 9 shows flex- 
ible alignments of three-dimensional models of the 
indicated compounds. Light blue regions symbolize 
hydrogen bond acceptors . 

The identification of P-gp modulators was 
a surprising and unexpected discovery made in con- 
nection with screening of a chemical library for p53 
inhibitors in which Adr was used as a DNA-damaging 
agent inducing p53 . Several compounds previously 
have been identified that target the activity of 
P-gp, the vast majority of which act as P-gp inhibi- 
tors (5) , sensitizing cells to a variety of P-gp 
substrates. However, in accordance with the present 
invention, a class of structurally divergent com- 
pounds capable of protecting cells from a drug by 
stimulating the P-gp -mediated efflux has been iden- 
tified. The compounds were found to act not as 
general stimulators of P-gp activity, but rather as 
P-gp modulators making this transporter much more 
active against some substrates and inactive against 
other substrates. 
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"Retargeting" P-gp by the identified com- 
pounds causes a dramatic change of the MDR phenotype 
making P-gp-expressing cells more resistant to some 
drugs at the cost of losing resistance to others. 
5 These findings indicate that cell resistance to 

toxic compounds can be dramatically increased by 
modulating the substrate specificity of multidrug 
transporters, thereby broadening the approaches to 
rational control over the MDR phenotype by small 
10 molecules. 

Prior publications suggest that P-gp sub- 
strate specificity can be modulated by natural 
flavonoid polyphenols. Quercetin was reported to 
act as a stimulator P-gp-mediated efflux of 7,12- 

15 dimethylbenz (a) anthracene (21) and Adr (22). How- 

ever, other investigators disclosed an opposite 
effect of quercetin at least on Adr efflux and re- 
sistance (23), and a systematic study of flavonoid 
derivatives- were consistent with the latter results 

20 (24). Other investigators found that the P-gp sub-, 

strates prazosin and progesterone modulate efflux of 
other substrates in an in vi tiro system (25), sug- 
gesting that these compounds can be modulators of 
MDR phenotype. Although a weak effect of prazosin 

25 and progesterone on P-gp-mediated Rhol23 efflux in 

vivo was confirmed, these compounds did not cause 
detectable changes in cell cross resistance to P-gp 
substrates tested, i.e., Adr, vincristine, vin- 
blastine, taxol, actinomycin D, and colcemide. 

3 0 Thus, although prazosin and progesterone formally 

belong to the category of P-gp modulators, these 
compounds are too weak to be used as modulators of 
MDR. 
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There are at least three possible hypoth- 
eses with respect to how P-gp modulators work. 
First, it can be theorized that they cause a con- 
formational change in P-gp itself, thus acting 
through the same mechanism that determines altera- 
tions of the substrate specificity of some P-gp 
mutants (12-15) . An attempt to test this possibil- 
ity by using FACS analysis with conformation sensi- 
tive antibodies UIC2 (19) was made but failed to 
detect any changes in the reactivity of P-gp in the 
presence of the isolated modulators . Alternatively, 
the compounds may alter the physico-chemical proper- 
ties of the drug recognition pockets in the protein 
without changing conformation of the transporter. 
There also is a possibility that the modulators do 
not . interact with P-gp directly, but modulate its 
function by altering the properties of plasma mem- 
brane or factors contributing to the activity of the 
transporter . 

Comparison of biological effects of the 
identified P-gp modulators showed that they differ 
in their relative effect on the substrate specific- 
ity of P-gp, modifying the MDR phenotype in a way 
specific for each compound. If they act through 
changing conformation of P-gp, this would mean high 
conformational plasticity of this protein that could 
accept multiple different conformations still keep- 
ing its basic drug efflux function. Another assump- 
tion that follows from this observation is that P-gp 
activity can be finely "tuned" by the appropriate 
modulators to make it more effective against the 
desired toxins . 
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In addition, based on the number of P-gp 
modulators in the chemical library, similar selec- 
tion performed on another cell -based readout system 
expressing non-P-gp ABC transporter (MRP, LRP, BCRP, 
5 etc.) is expected to result in the identification of 

appropriate modulators. 

To date, P-gp and other ABC transporters 
have been viewed mainly as targets for suppression 
considering their role in multidrug resistance of 

10 cancer. The present invention provides additional 

practical applications of ABC transporters that stem 
from their natural function, i.e., involvement in 
the protection of cells and tissues from broad 
variety of cytotoxic compounds. The modulators of 

15 substrate specificity of the transporters, making 

them more active against certain classes of drugs, 
can -be used to facilitate chemoprotection under the 
condition of acute or chronic poisoning with toxins 
or drugs. Selection of targeted modulators opens 

20 the possibility of development of detoxifying agents 

specific against certain classes of toxins. 

ABC transporters are known to be involved 
in blood-brain barrier and in placental barrier, 
thus defending brain tissue and fetuses against 

25 toxicity of a variety of toxic factors. Low effi- 

ciency of these defense systems against particular 
substrates can limit the application of high doses 
of otherwise useful drugs (i.e., cyclosporin A or 
ivermectin, (7) ) . Modulators of P-gp and other 

3 0 transporters could increase tolerable doses of such 

drugs by increasing the effectiveness of these 
natural barriers. Moreover, the use of highly spe- 
cific targeted modulators of ABC transporters can be 


WO 02/076439 


PCT/US02/08896 


- 34 - 

beneficial for selective delivery of useful drugs 
through blood-brain and placental barriers without 
general affection of these defense systems against 
other factors . 
5 As set forth below, administration of a 

multidrug transporter modulator to a mammal has 
several potential benefits, including, for example, 
rescuing cells from acute or chronic toxins, or 
improving treatment using a chemo t her apeut i c or 

10 antibiotic drug. 

The multidrug transporter modulators can 
be therapeutically administered as the neat chemi- 
cal, but it is preferable to administer the modulat- 
ors as a pharmaceutical composition or formulation. 

15 Accordingly, the present invention further provides 

for pharmaceutical formulations comprising, for 
example, a multidrug transporter modulator, or 
pharmaceutically acceptable salt or prodrug thereof, 
together with one or more pharmaceutically accept - 

20 able carriers and, optionally, other therapeutic 

and/or prophylactic ingredients. The carriers are 
"acceptable" in the sense of being compatible with 
the other ingredients of the formulation and not 
deleterious to the recipient thereof. 

2 5 The amount of a multidrug transporter 

modulator required for use in therapy varies with 
the nature of the condition being . treated, the 
length of time modulation is desired, and the age 
and the condition of the patient, and is ultimately 

3 0 determined by the attendant physician. In general, 

however, doses employed for adult human treatment 
typically are in the range of .001 mg/kg to about 
200 mg/kg per day. A preferred dose is about 1 
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y^g/kg to about 10 0 yizg/kg per day. The desired dose 
can be conveniently administered in a single dose, 
or as multiple doses administered at appropriate 
intervals, for example as two, three, four or more 
5 subdoses per day. Multiple doses often are desired, 

or required, because modulation of multidrug trans- 
porter activity can be temporary. 

A "therapeutically effective" dose refers 
to that amount of the compound that results in 

10 achieving the desired effect. Toxicity and thera- 

peutic efficacy of such compounds can be determined 
by standard pharmaceutical procedures in cell cul- 
tures or experimental animals, e.g., for determining 
the LD 50 (the dose lethal to 50% of the population) 

15 and the ED 50 (the dose therapeutically effective in 

50% of the population) . The dose ratio between 
toxic and therapeutic effects is the therapeutic 
index, which is expressed as the ratio between LD 50 
and ED 50 . Compounds which exhibit high therapeutic 

2 0 indices are preferred. The data obtained from such 

data can be used in formulating a range of dosage 
for use in humans . The dosage of such compounds 
preferably lies within a range of circulating con- 
centrations that include the ED 50 with little or no 
25 toxicity. The dosage can vary within this range 

depending upon the dosage form employed, and the 
route of administration utilized. 

Formulations of the present invention can 
be administered in a standard manner, such as oral- 

3 0 ly, parenterally, sublingually , transdermally, 

rectally, transmucosally, topically, via inhalation, 
or via buccal administration. Parenteral adminis- 
tration includes, but is not limited to, intraven- 
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ous, intraarterial, intraperitoneal, subcutaneous, 
intramuscular, intrathecal, and intraarticular. 

For veterinary use, multidrug transporter 
modulator, or a nontoxic salt or prodrug thereof, is 
administered as a suitably acceptable formulation in 
accordance with normal veterinary practice. The 
veterinarian can readily determine the dosing regi- 
men and route of administration that is most appro- 
priate for a particular animal . 

A pharmaceutical composition containing a 
multidrug transporter modulator can be in the form 
of tablets or lozenges formulated in conventional 
manner. For example, tablets and capsules for oral 
administration can contain conventional excipients 
such as binding agents (for example, syrup, accacia, 
gelatin, sorbitol, tragacanth, mucilage of starch or 
polyvinylpyrrolidone) , fillers (for example, lac- 
tose, sugar, microcrystalline cellulose, maize- 
starch, calcium phosphate, or sorbitol) , lubricants 
(for example, magnesium stearate, stearic acid, 
talc, polyethylene glycol, or silica) , disintegrants 
(for example, potato starch or sodium starch glycol - 
late) , or wetting agents (for example, sodium lauryl 
sulfate) . The tablets can be coated according to 
methods well known in the art. 

Alternatively, a multidrug transporter 
modulator can be incorporated into oral liquid prep- 
arations such as aqueous or oily suspensions, solu- 
tions, emulsions, syrups, or elixirs, for example. 
Moreover, formulations containing these compounds 
can be presented as a dry product for constitution 
with water or other suitable vehicle before use. 
Such liquid preparations can contain conventional 
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additives, like suspending agents, such as sorbitol 
syrup, methyl cellulose, glucose/sugar syrup, gela- 
tin, hydroxyethylcellulose, carboxymethyl cellulose, 
aluminum stearate gel, and hydrogenated edible fats; 
5 emulsifying agents, such as lecithin, sorbitan mono- 

oleate, or acacia; nonaqueous vehicles (which can 
include edible oils) , such as almond oil, fraction- 
ated coconut oil, oily esters, propylene glycol, and 
ethyl alcohol; and preservatives, such as methyl or 

10 propyl p-hydroxybenzoate and sorbic acid. 

Such preparations also can be formulated 
as suppositories, e.g., containing conventional 
suppository bases, such as cocoa butter or other 
glycerides. Compositions for inhalation typically 

15 can be provided in the form of a solution, suspen- 

sion, or emulsion that can be administered as a dry 
powder or in the form of an aerosol using a conven- 
tional propellant, such as dichlorodif luoromethane 
or trichlorof luoromethane . Typical transdermal 

2 0 formulations comprise conventional aqueous or 

nonaqueous vehicles, such as creams, ointments, 
lotions, and pastes, or are in the form of a medi- 
cated plaster, patch, or membrane. 

Additionally, compositions of the present 

2 5 invention can be formulated for parenteral adminis- 

tration by injection or continuous infusion. It is 
envisioned that injection or continuous infusion is 
the preferred method of administration. Formula- 
tions for injection can be in the form of suspen- 

3 0 sions, solutions, or emulsions in oily or aqueous 

vehicles, and can contain formulation agents, such 
as suspending, stabilizing, and/or dispersing 
agents. Alternatively, the active ingredient can be 
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in powder form for reconstitution with a suitable 
vehicle (e.g., sterile, pyrogen-free water) before 
use . 

A composition in accordance with the pres- 
5 ent invention also can be formulated as a depot 

preparation. Such long acting ' formulations can be 
administered by implantation (for example, subcu- 
taneously or intramuscularly) or by intramuscular 
injection. Accordingly, the compounds of the in- 

10 vention can be formulated with suitable polymeric or 

hydrophobic materials (as an emulsion in an accept- 
able oil, for example), ion- exchange resins, or as 
sparingly soluble derivatives (as a sparingly solu- 
ble salt, for example) . 

15 A multidrug transporter modulator also can 

be used in combination with other therapeutic agents 
which can be useful in the treatment of cancer and 
other conditions or disease states. The invention 
thus provides, in another aspect, a combination of a 

2 0 therapeutic, multidrug transporter modulator to- 

gether with a second therapeutically active agent. 

A multidrug transporter modulator, can be 
used in the preparation of a medicament for coad- 
ministration with the second therapeutically active 

2 5 agent in treatment of conditions where modulation of 

multidrug transporter activity is beneficial. In 
addition, a multidrug transporter modulator can be 
used in the preparation of a medicament for use as 
adjunctive therapy with a second therapeutically 

30 active compound to treat such conditions. Appropri- 

ate doses of known second therapeutic agents for use 
in combination with a multidrug transporter modulat- 
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or are readily appreciated by those skilled in the 
art . 

For example, a therapeutic, multidrug 
transporter modulator can be used in combination 
with a cancer therapy, such as chemotherapy. In 
particular, a multidrug transporter modulator can be 
used in conjunction with chemotherapeutic drugs, 
such as cis-platin, doxorubicin, Vinca alkaloids, 
taxol, cyclophosphamide, ifosphamide, chlorambucil, 
busulfan, mechlorethamine, mitomycin, dacarbazine, 
carboplatin, thiotepa, daunorubicin, idarubicin, 
mitoxanthrone, bleomycin, esperamicin A lf plicamycin, 
carmustine, lomustine, tauromustine , streptozocin, 
melphalan, dactinomycin, topotecan, adriamycin, 
camptothecin, interferon (alpha, beta, gamma) , 
interleukin 2, irinotecan, docetaxel, and pro- 
carbazine, and therapeutically effective analogs, 
prodrugs, and derivatives thereof, for example. A 
multidrug transporter modulator also can be used in 
combination with drugs used to treat a condition 
caused by a pathogen, virus, parasite, or other 
microbiological vector, for example, an 
antiinf ective, like an antibiotic. 

Additional chemotherapeutic agents that 
can be used with a present multidrug transporter 
modulator include, but are not limited to, alkylat- 
ing agents, antimetabolites, hormones and antago- 
nists thereof, radioisotopes, antibodies, as well as 
natural products, and combinations thereof. For 
example, a multidrug transporter modulator of the 
present invention can be administered with antibi- 
otics, such as doxorubicin and other anthracycline 
analogs, nitrogen mustards, such, as cyclophos- 
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phamide, pyrimidine analogs such as 5~f luorouracil , 
cisplatin, hydroxyurea, taxol and its natural and 
synthetic derivatives, and the like. As another 
example, the modulator can be administered in con- 
junction with leuprolide or goserelin (synthetic 
peptide analogs of LH-RH) . Examples of chemothera- 
peutic agents useful for the method of the present 
invention are listed in the following table. 
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Alkylating agents 

Nitrogen mustards 

mechlorethamine 

cyclophosphamide 

if osf amide 

melphalan 

chlorambucil 

Nitrosoureas 

carmustine (BCNU) 

lomustine (CCNU) 

s emus tine (methyl -CCNU) 

Ethyl enimine /Methyl - 

me 1 amine 

thriethylenemelamine 
(TEM) 

triethylene 
thiophosphoramide 

(thiotepa) 
hexamethylmelamine 

(HMM, altretamine) 
Alkyl sulfonates 
busulf an 
Triazines 
dacarbazine (DTIC) 
Antimetabolites 
Folic Acid analogs 
methotrexate 
trimetrexate 
Pyrimidine analogs 
5 - f luorourac i 1 
f luorodeoxyuridine 
gemcitabine 
cytosine arabinoside 

(AraC, cytarabine) 

5- azacytidine 

2,2' -dif luorodeoxy- 

cytidine 

Purine analogs 

6 - mercaptopurine 
6 - thioguanine 
azathioprine 

2 1 -deoxycof ormycin 

(pentostatin) 
erythrohydroxynonyl - 
adenine (EHNA) 
fludarabine phosphate 
2 - chlorodeoxyadenos ine 

(cladribine, 2-CdA) 
Type I Topoisomerase 
Inhibitors 
camptothecin 
topotecan 
irinotecan 
Natural products 
Antimitotic drugs 
paclitaxel 
Vinca alkaloids 
vinblastine (VLB) 
vincristine 
vinorelbine 
Taxotere® (docetaxel) 
est ramus tine 
estramustine phosphate 


Epipodophylotoxins 

etoposide 

teniposide 

Antibiotics 

actimomycin D 

daunomycin (rubido- 

mycin) 

doxorubicin (adria- 
mycin) 

mitoxantroneidarubicin 
bl e omy c in sp 1 i c amy c in 
(mithramycin) 
mitomycinC 
da c t i nomy c i n 
Enzymes 
L- asparaginase 
Biological response 
modifiers 
interferon- alpha 
IL-2 
G-CSF 
GM-CSF 

Differentiation Agents 

retinoic acid deriva- 
tives 

Radiosensitizers 

metronidazole 

misonidazole 

desmethylmisonidazole 

pimonidazole 

etanidasole 

nimorazole 

RSU 1069 

E09 

RB 6145 
SR4233 

nicotinamide 

5-bromodeosyuridine 

5 - iododeoxyuridine 

bromodeoxycytidine 

Miscellaneous agents 

Platinium coordination 

complexes 

cisplatin 

carboplatin 

Anthracenedione 

mitoxantrone 

Substituted urea 

hydroxyurea 

Methylhydrazine deriva- 
tives 

N- methyl hydrazine (MIH) 
procarbazine 
Adrenocortical suppres- 
sant 

mitotane <o,p'-DDD) 

ainoglutethimide 

Cytokines 

interferon (a, g, y) 
interleukin-2 


Hormones and antagonists, 

Adrenocorticosteroids/ 
antagonists 
prednisone and equiv- 
alents 

dexame t ha sone 
ainoglutethimide 
Progestins 
hydroxypr oge s t erone 
caproate 

medroxyprogesterone 
acetate 

megestrol acetate 

Estrogens 

diethyl st ilbestrol 

ethynyl estradiol/ 

equivalents 

Antiestrogen 

tamoxifen 

Androgens 

testosterone propionate 
f 1 u oxyme s t erone / e qu i v - 
alents 

Antiandrogens 
f lutamide 

gonadotropin- releasing 

hormone analogs 

leuprolide 

Nonsteroidal 

ant i androgens 

f lutamide 

Photosensitizers 

hematoporphyrin 

derivatives 

Phot of r in® 

benzoporphyrin 

derivatives 

Npe6 

tin etioporphyrin 
(SnET2) 
pheobor i de - a 
bacteriochlorophyl 
1-a 

naphthalocyanines 

phthalocyanines 

zinc 

phthalocyanines 
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The multidrug transporter modulator also 
can be used in conjunction with an antiinf ective 
agent. An antiinf ective agent is a drug used to 
treat an individual suffering from a disease or 
condition caused by a bacteria, virus, parasite, or 
other microbiological or microscopic vector. 

Antibiotic agents that can be used 
include, but are not limited to, sulfonamides, such 
as sulfacetamide sodium, sulf acycline , sulfadiazine, 
sul f abenzamide , sul f adoxine , sul f amerazine , sul f a- 
methazine, sulf methizole , sulfamethoxazole, sulfa- 
nilamide, sulf apyridine, sulfasalazine, and sulfi- 
soxazole; a penicillin, such as penicillin G, 
penicillin V, cloxacillin, dicloxacillin, methicil- 
lin, nafcillin, oxacillin, amoxacillin, ampicillin, 
bacampicillin, cyclacillin, carbenicillin, indanyl- 
carbenicillin, melocillin, piperacillin, and 
ticarcillin; a cephalosporin, such as cefadroxil, 
cefazolin, cephalexin, cephalothin, cephapirin, 
cephradine, cefaclor, cefamandole, cefmetazole, 
cefonicid, ceforanid, cefotetan, cefoxitin, cefpo- 
doxime, cefprozil, cef uroxine , loracef, cefixime, 
cef operazone , cef ataxime , ceftazidime , cef tizoxime , 
ceftriaxone, or moxalactam; an aminoglycoside, such 
as amikacin sulfate, gentamicin sulfate, kanamycin 
sulfate, neomycin sulfate, nefilmican sulfate, 
streptomycin sulfate, and tobramycin; a macrolide, 
such as azithromycin, clarithromycin, erythromycin, 
spiramycin, and troleandomycin; a polypeptide, such 
as bacitracin, capreomycin sulfate, colistimethate 
sodium, colistin sulfate, polymyxin B sulfate, and 
vanomycin; a tetracycline, such as chlorotetra- 
cycline hydrochloride, demeclocycline hydrochloride, 
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doxycycline, minocycline, oxytetracycline, and 
tetracycline; a fluoroquinolone, such as ciproflox- 
acin hydrochloride, enoxacin, lomefloxacin hydro- 
chloride, norfloxacin, and ofloxacin; and miscel- 
5 laneous antibiotics, such as chloramphenicol, 

clindamycin, cycloserine, fusidate sodium, ritampin, 
spectinomycin hydrochloride, cinoxacin, clofazimine, 
dapsone, ethambutal hydrochloride, isoniazid, nitro- 
furantoin, pyrazinamide, rifabutin, and trimeth- 

10 oprim. Addition classes of antibacterials include 

antimalarial and antifungal drugs. Antiviral drugs, 
such as acyclovir, cytarabine, didanosine, fos- 
carnet, genciclovir, idoxuridine, an interferon, 
methisazone, rifampin, suramin, vidarabine, 

15 zalcitabine, and zidovudine, also can be used. 

Other antiinf ective agents known to persons skilled 
in the art, and salts, derivatives, and prodrugs of 
antiinf ective agents also can be used. 

The combination referred to above can be 

2 0 presented for use in the form of a single pharma- 

ceutical formulation, and, thus, pharmaceutical 
compositions comprising a combination as defined 
above together with a pharmaceutically acceptable 
diluent or carrier comprise a further aspect of the 

2 5 invention. 

The individual components of such a combi- 
nation referred to above, therefore, can be admin- 
istered either sequentially or simultaneously from 
the same or separate pharmaceutical formulations. 

3 0 As is the case for the multidrug transporter mod- 

ulator, a second therapeutic agent can be adminis- 
tered by any suitable route, for example, by oral, 
buccal, inhalation, sublingual, rectal, vaginal, 
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transurethral, nasal, topical, percutaneous (i.e., 
transdermal) , or parenteral (including intravenous, 
intramuscular, subcutaneous, and intracoronary) 
administration . 

In some embodiments, a multidrug trans- 
porter modulator, and the second therapeutic agent 
are administered by the same route, either from the 
same or from different pharmaceutical compositions. 
However, in other embodiments, using the same route 
of administration for the therapeutic multidrug 
transporter modulator and the second therapeutic 
agent either is impossible or is not preferred. 
Persons skilled in the art are aware of the best 
modes of administration for each therapeutic agent, 
either alone or in a combination. 

Obviously, many modifications and varia- 
tions of the invention as hereinbefore set forth can 
be made without departing from the spirit and scope 
thereof and, therefore, only such limitations should 
be imposed as are indicated by the appended claims . 
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WHAT IS CLAIMED IS: 

1. A method of modulating an efflux cap- 
ability of an ABC transporter of a cell or tissue 
comprising contacting the cell or tissue with a com- 
pound that promotes or inhibits efflux of a 
substrate via the ABC transporter, wherein activity 
of the ABC transporter through gene expression is 
unaffected. 

2 . The method of claim 1 wherein the ABC 
transporter is a P -glycoprotein. 

3 . The method of claim 1 wherein the ABC 
transporter is a member of an MRP family of trans- 
porters or LRP . 

4. The method of claim 1 wherein the 
efflux capability is promoted. 

5 . The method of claim 4 wherein the 
efflux capability is promoted for a substrate 
different from a natural substrate of the ABC 
transporter. 

6. The method of claim 1 wherein the 
efflux capability is inhibited. 

7 . The method of claim 6 wherein the 
efflux capability is inhibited for a natural 
substrate of the ABC transporter. 


WO 02/076439 


PCT/US02/08896 


- 48 - 


8 . The method of claim 1 wherein the 
compound is selected from the group consisting of 


1- carbazol-9-yl-3- (3 , 5-dimethylpyrazol-l-yl) -propan- 

2- ol, 

2- (4-chloro-3 , 5-dimethylphenoxy) -N- (2 -phenyl -2H- 
benzotriazol -5~yl) -acetamide , 

N- [2- (4 -chlorophenyl) acetyl] -N ' - (4 , 7 -dimethyl quin- 
azolin-2-yl) -guanidine, 

1- benzyl-7 , 8 -dimethoxy- 3 -phenyl - 3H-pyrazolo [3 , 4-c] - 
isoquinoline, 

N- ( 3 -benzooxazol -2 -yl -4 -hydroxyphenyl ) -2 -p- tolyloxy- 
acet amide, 

8-allyl-2-phenyl-8H-l, 3a, 8- triaza-cyclopenta [a] - 
indene , 

3 - ( 4 - chlorobenzyl ) - 5 - ( 2 -methoxyphenyl ) [1,2,4] oxadi - 
azole, 

2- phenethylsulfanyl-5, 6,7, 8 -tetrahydro-benzo [4,5]- 
thieno [2 , 3-d] pyrimidin-4-ylamine , 

(5 , 12 , 13-triaza-indeno [1, 2-b] anthracen-13-yl) -acetic 
acid ethyl ester, 

2,2 ' - (l-phenyl-lH-l,2,4-triazole-3,5-diyl)bis-phenol 
2- (2 -chlorophenyl) -5- (5 -methyl thiophen-2-yl) - 
[1,3,4] oxadiazole, 

2 -p-tolyl-5 , 6, 7, 8-tetrahydrobenzo [d] imidazo [2 , 1-b] - 
thiazole, 



and mixtures thereof . 


9. A method of potentiating activity of 
a therapeutic drug in a cell or tissue comprising 
contacting the cell or tissue with a compound that 
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inhibits an efflux capability of an ABC transporter, 
wherein activity of the ABC transporter through gene 
expression is unaffected. 

10. The method of claim 9 wherein the 
efflux capability of the ABC transporter is selec- 
tively inhibited with respect to retaining the 
therapeutic drug in the cell or tissue, while main- 
taining normal efflux capabilities with respect to 
other compounds . 

11. The method of claim 9 wherein the 
therapeutic drug comprises a chemotherapeutic drug. 

12. The method of claim 9 wherein the 
therapeutic drug comprises an antibiotic. 
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13 . The method of claim 9 wherein the 


compound is selected from the group consisting of 
l~carbazol-9-yl-3- (3 , 5 -dimethylpyrazol-l-yl) -propan- 
2-ol, 

2- (4-chloro-3 , 5 -dimethylphenoxy) -N- (2 -phenyl -2H- 
benzotriazol - 5 -yl ) -acetamide, 

N- [2- (4 -chlorophenyl) acetyl] -N ! - (4 , 7-dimethylquin- 
azolin-2-yl) -guanidine, 

1 - benzyl -7, 8 -dimethoxy-3 -phenyl -3H-pyrazolo [3 , 4-c] - 
isoquinoline, 

N- (3-benzooxazol-2-yl-4-hydroxyphenyl) ~2-p-tolyloxy- 
ace t amide, 

8-allyl-2-phenyl~8H-l, 3a, 8-triaza-cyclopenta [a] - 
indene, 

3- (4-chlorobenzyl) -5- (2-methoxyphenyl) [1,2,4] oxadi- 
azole, 

2- phenethylsulfanyl-5, 6,1 , 8 - tetrahydro-benzo [4,5]- 
thieno [2, 3-d]pyrimidin-4-ylamine, 

(5 , 12 , 13-triaza-indeno [1, 2-b] anthracen-13 -yl) -acetic 
acid ethyl ester, 

2,2 1 - (1 -phenyl -1H- 1,2, 4 -triazole-3, 5 -diyl) bis -phenol 
2- (2 -chlorophenyl) -5- (5-methylthiophen-2-yl) - 
[1,3,4] oxadiazole , 

2-p-tolyl-5, 6, 7, 8-tetrahydrobenzo [d] imidazo [2, 1-b] - 
thiazole, \^^^\ 



and mixtures thereof. 


14. A method of facilitating detoxifica- 
tion of a cell or tissue comprising contacting the 
cell or tissue with a compound that increases an 
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efflux capability of an ABC transporter, wherein 
activity of the ABC transporter through gene expres- 
sion is unaffected. 

15. The method of claim 14 wherein the 
efflux capability of the ABC transporter is selec- 
tively increased with respect to eliminating a pre- 
determined toxin, while maintaining normal efflux 
capabilities with respect to other compounds. 

16. The method of claim 15 wherein the 
toxin comprises a carcinogen. 

17. The method of claim 14 wherein the 
compound is selected from the group consisting of 

1 - carba zol - 9 -yl - 3 - (3 , 5~dimethylpyrazol-l-yl) -propan- 

2- ol, 

2- (4-chloro-3 , 5 -dimethylphenoxy) -N- (2 -phenyl -2H- 
benzotriazol -5 -yl ) -acetamide , 

N- [2- (4-chlorophenyl) acetyl] -N 1 - (4 , 7-dimethylquin- 
azolin-2-yl) -guanidine, 

1 - benzyl -7 , 8 -dimethoxy-3 -phenyl -3H-pyrazolo [3 , 4-c] - 
isoquinoline, 

N- ( 3 -benzooxazol - 2 -yl -4-hydroxyphenyl ) -2 ~p- tolyloxy- 
acetamide, 

8-allyl-2-phenyl-8H-l, 3a, 8-triaza-cyclopenta [a] - 
indene, 

3- (4-chlorobenzyl) -5- (2-methoxyphenyl) [1 , 2 , 4] oxadi- 
azole, 

2- phenethylsulf anyl-5, 6,7, 8-tetrahydro-benzo [4,5]- 
thi eno [2 , 3-d] pyrimidin-4-ylamine, 

(5, 12, 13-triaza-indeno [1, 2-b] anthracen-13-yl) -acetic 
acid ethyl ester, 
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2,2 1 - (l-phenyl-lH-l,2,4-triazole-3, 5-diyl) bis-phenol 
2- (2-chlorophenyl) -5- (5~methylthiophen-2 -yl) - 
[1,3,4] oxadiazole, 

2-p-tolyl~5, 6, 7, 8 - tetrahydrobenzo [d] imidazo [2 , 1-b] - 
thiazole , 

i 


and mixtures thereof . 



18. A method of modulating efficacy of a 
blood-brain barrier or a placental barrier in an 
individual comprising administering to an individual 
in need thereof a therapeutically effective amount 
of a compound capable of regulating the activity of 
an ABC transporter, wherein activity of the ABC 
transporter through gene expression is unaffected. 

19. The method of claim 18 wherein effi- 
cacy of the blood-brain barrier or placental barrier 
is reduced. 

20. The method of claim 19 wherein 
barrier efficacy is selectively reduced with respect 
to allowing a preselected compound to cross the 
barrier, while maintaining normal efficacy with 
respect to other compounds. 

21. The method of claim 20 wherein the 
preselected compound is a therapeutic drug. 
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22.. The method of claim 18 wherein effi- 
cacy of the blood-brain barrier or placental barrier 
is increased. 

23 . The method of claim 22 wherein 
barrier efficacy is selectively increased with re- 
spect to allowing a preselected compound to cross 
the barrier, while maintaining normal efficacy with 
respect to other compounds . 

24. The method of claim 21 wherein the 
preselected compound is an acute toxin or a chronic 
toxin. 

25. The method of claim 18 wherein the 
compound is selected from the group consisting of 

1- carbazol-9-yl~3 - (3 , 5-dimethylpyrazol-l-yl) -propan- 

2- ol, 

2- (4-chloro-3 , 5-dimethylphenoxy) -N- (2 -phenyl -2H- 
benzotriazol-5-yl) -acetamide, 

N- [2- ( 4 -chlorophenyl) acetyl] -N ! - (4, 7 -dimethyl quin- 
azolin-2-yl) -guanidine, 

1 - benzyl -7, 8 -dimethoxy-3 -phenyl -3H-pyrazolo [3, 4-c] - 
isoquinoline, 

N- (3-benzooxazol-2-yl-4-hydroxyphenyl) -2 -p- tolyloxy- 
acetamide, 

8-allyl-2-phenyl-8H-l, 3a, 8 - triaza-cyclopenta [a] - 
indene , 

3- (4-chlorobenzyl) -5 - (2-methoxyphenyl) [1,2,4] oxadi- 
azole, 

2- phenethylsulfanyl-5, 6, 7, 8- tetrahydro-benzo [4,5]- 
thieno [2, 3 -d] pyrimidin-4 -ylamine, 
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(5, 12, 13-triaza-indeno [1, 2-b] anthracen-13 -yl ) -acetic 
acid ethyl ester, 

2,2 1 - (l-phenyl-lH-l,2,4-triazole-3,5-diyl)bis-phenol 
2- (2-chlorophenyl) -5- (5 -methyl thiophen-2-yl) - 
[1,3,4] oxadiazole , 

2-p-tolyl-5, 6,7, 8 - tetrahydrobenzo [d] imidazo [2, 1-b] - 
thiazole, 

/ 

and mixtures thereof. 

26. A method of treating cancer compris- 
ing administration to an individual in need thereof 
a therapeutically effective amount of a therapy 
enhancing combination comprising a chemotherapeutic 
agent and a compound that inhibits efflux via a ABC 
transporter, wherein activity of the ABC transporter 
through gene expression is unaffected. 

27. The method of claim 26 wherein the 
chemotherapeutic agent and compound that inhibits 
efflux via the ABC transporter are administered 
simultaneously . 

28. The method of claim 26 wherein the 
chemotherapeutic agent and compound that inhibits 
efflux via the ABC transporter are administered 
sequentially. 

29. The method of claim 26 wherein efflux 
of the ABC transporter is inhibited with respect to 
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the chemotherapeutic agent, while normal efflux with 
respect to other compounds is maintained. 

30. A method of treating an infection 
comprising administration to an individual in need 
thereof a therapeutically effective amount of a 
therapy enhancing combination comprising a an anti- 
infective agent and a compound that inhibits efflux 
via a ABC transporter, wherein activity of the ABC 
transporter through gene expression is unaffected. 

31. The method of claim 30 wherein efflux 
of the ABC transporter is inhibited with respect to 
the antiinf ective agent, while normal efflux with 
respect to other compounds is. maintained. 

32. A pharmaceutical composition for 
treating a disease comprising 

(a) a therapeutic drug capable of treat- 
ing the disease, and 

(b) a compound capable of selectively 
inhibiting the efflux capability of a multidrug 
transporter with respect to the therapeutic drug. 

33. The composition of claim 32 wherein 
the disease is a cancer, and the therapeutic drug is 
a chemotherapeutic drug. 


34. The composition of claim 32 wherein 
the disease is an infection, and the drug is an 
ant i inf ec t ive agent . 
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35. A composition comprising 

(a) a compound capable of modulating 
activity of a multidrug transporter, and 

(b) a pharmaceutically acceptable 

carrier. 
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